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A B S T R A C T The effects of 25-hydroxycholecalciferol
were studied in 4 children with deficiency rickets and
22 children with D-resistant rickets, including patients
with hereditary hypophosphatemic D-resistant rickets,
"pseudo-deficiency" rickets, and rickets secondary to
cystinosis or to tyrosinosis. Three protocols were used.
(a) 8 days after a single oral dose of 16,000 IU of
25-hydroxycholecalciferol, normalization of all biological
parameters was observed in all cases of deficiency
rickets. A complete lack of response was observed in
the different types of resistant rickets. (b) Under pro-
longed administration of 2,640 IU/day for 2 months,
clinical-biological symptoms and X-ray lesions disap-
peared, and a catch-up growth pattern was observed
in deficiency rickets; no relapse of rickets occurred up
to 5 months after therapy was stopped. The same dose
had no significant effect in 10 patients with hereditary
hypophosphatemic D-resistant rickets. A bone biopsy
performed in one case showed the persistence of charac-
teristic lesions. (c) With increasing doses of 25-hy-
droxycholecalciferol varying from 6,000 to 30,000 IU/
day and a follow-up of 6 months up to 2 yr duration,
clinical-biological-radiologic recovery and catch-up
growth was obtained in all cases of "pseudo-deficiency"
rickets. In hypophosphatemic hereditary D-resistant
rickets, 5 out of 13 patients' serum concentration of
phosphorus reached at least 30 mg/liter, but a catch-up
growth pattern was not observed. These results indi-
cate that (a) 25-hydroxycholecalciferol is highly active
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in deficiency rickets; (b) a defect in the conversion of
vitamin D8 to its active 25-hydroxy metabolite is prob-
ably not the metabolic defect in any of the different
types of vitamin D-resistant rickets studied.

INTRODUCTION
DeLuca and his colleagues have introduced a new field
of investigation by the discovery of the active metabo-
lites of vitamin Ds (1-5). The activity and the metabo-
lism of these metabolites are known mainly by experi-
mental studies on laboratory animals, in tissue cultures,
and on isolated organs (6-16). Preliminary results on
the biological effects (17) and on the therapeutic ef-
fects of 25-hydroxycholecalciferol (25-HCC)1 in man
have been reported (18-21). Furthermore, DeLuca,
Lund, Rosenbloom, and Lobeck (22); Avioli, Williams,
Lund, and DeLuca (24); and Avioli, Birge, Lee, and
Slatopolsky (23) have demonstrated abnormalities in
vitamin D3 metabolism in hereditary vitamin D-re-
sistant rickets and in chronic renal failure. Thus, the
possibility that resistance to vitamin D might be ex-
plained by a defect in the conversion of the vitamin to
its 25-hydroxylated metabolites was suggested. Recently,
Earp, Ney, Gitelman, Richman, and DeLuca (25) re-
ported the responses of five patients with hereditary
hypophosphatemic rickets to short-term administration
of small doses of 25-HCC, and they concluded that
such a defect (in formation of 25-HCC) appears not
to be solely responsible for the metabolic abnormalities
seen in this disease.
The purpose of our study was to investigate further

this possibility by comparing the effects of 25-HCC in

'Abbreviations used in this paper: 25-HCC, 25-hydroxy-
cholecalciferol; TRP, tubular reabsorption of phosphorus;
VDRR, hypophosphatemic vitamin D-resistant rickets.

The Journal of Clinical Investigation Volume 51 1972 749



deficiency rickets and in different types of D-resistant
rickets: hereditary hypophosphatemic D-resistant resis-
tant rickets (VDRR), "pseudo-deficiency" rickets, and
resistant rickets secondary to cystinosis or tyrosinosis.
Our data demonstrate: (a) that 25-HCC has anti-

rachitic activity in man; (b) that these patients with
different types of D-resistant rickets are also resistant
to 25-HCC; and (c) that in the group of patients with
hereditary hypophosphatemic D-resistant rickets, sensi-
tivity to high doses of 25-HCC varies greatly from one
subject to another whereas all children with "pseudo-
deficiency" rickets are highly responsive to increasing
doses of 25-HCC.

METHODS
Subjects. The subjects studied included 4 children with

deficiency rickets, 4 patients with "pseudo-deficiency" rick-
ets as described by Prader, Illig, and Heierli (26), 13 with
hereditary hypophosphatemic D-resistant rickets, and 5 chil-
dren with secondary resistant rickets. In this last group
four patients had cystinosis and one had tyrosinosis. None
of the four children, aged 13-38 months, with deficiency
rickets had ever been treated with vitamin D. All patients
with idiopathic or secondary rickets had been previously
treated with vitamin D8. Daily doses of vitamin D8 varied
from 3,000 IU/day to 80,000 IU/day. Vitamin D treatment
had been stopped for 1 wk to 5 months when the first pro-
tocol of the present study was started.
25-HCC. The 25-HCC (Roussel H 4682, Roussel Lab-

oratories, Paris, France) was synthesized according to
the Blunt and DeLuca technique (27). Each ampoule con-
tained 0.133 mg of crystalline 25-HCC, dissolved in 0.125
ml of ethyl alcohol and arachis oil to a total volume of
2.5 ml. The biologic activity of the 25-HCC was checked
on vitamin D-deficient rats according to the technique of
Blunt, Tanaka, and DeLuca (7). One ampoule of 25-HCC
corresponded to 7,980 IU. 25-HCC was given orally to pa-
tients just before breakfast.

Protocols. The effects of 25-HCC were studied by col-
lecting the following data: (a) serum calcium, magnesium,
inorganic phosphorous, citrate, alkaline phosphatase, and
creatinine; (b) urine calcium, phosphorous, magnesium,
citrate, and creatinine; (c) endogenous creatinine clear-
ance and tubular reabsorption of phosphorous (TRP );
(d) X-ray changes. Three protocols were utilized in the
collection of data: (a) 4 days before and 8 days after the
administration of a single oral dose of 0.266 mg or 16,000
IU of 25-HCC; (1) during administration of 0.044 mg
or 2,640 IU/day for 2 months, and 2-12 months after 25-
HCC was stopped; and (c) during the administration of
increasing doses of 25-HCC. In the latter instances doses
were increased from 6,000 to 30,000 IU/day if hypophos-
phatemia and/or hypocalcemia persisted.

Short-term balance studies on three children with VDRR
under protocol A were carried out.

Protocol B was completed in one case of VDRR with
histologic and microradiographic studies made on a bone
biopsy. The child was given 1.5 g of tetracycline the first
and last day of 25-HCC administration. The bone biopsy
was taken surgically at the metaphyseal end of the peroneus
during corrective osteotomy for severe genu valgum. A
growth curve was prepared in every case where protocol C
was followed.

The laboratory techniques used were the following:
creatinine, Jaffe's reaction (autoanalyzer); phosphorous,
Fiske and SubbaRow's technique (autoanalyzer); calcium,
complexometric titration with plasma Corinth B (E. Guzz
Corp., London, England) (28); magnesium, Atomic Ab-
sorption (Perkin-Elmer Corp., Norwalk, Conn.); alkaline
phosphatase, Bodansky method; and citrates, colorimetric
technique (29). The histologic and microradiographic meth-
ods used have been described in detail previously (30).

Results in cases of resistance to vitamin D were com-
pared: (a) with observations made in deficiency rickets;
and (b) with results obtained previously under vitamin Di
therapy.

Student's t test and Wilcoxon W test were used for
statistical analysis of results (31).

RESULTS

Single oral dose of 25-HCC: 0.266 mg or
16,000 IU (protocol A)
21 children were studied with protocol A. All studies

were made in a metabolic unit, the diet being strictly
controlled. The following results were observed.

Deficiency rickets (n =3). Normalization of serum
calcium in two cases, of serum phosphorous and alka-
line phosphatase, and increase of serum citrate concen-
tration in all three cases was observed (Fig. 1). The
effect of 25-HCC on serum calcium concentration was
most striking in one patient whose prior serum calcium
was low, 74 and 81 mg/liter. It increased to 99 mg/
liter 8 days after 16,000 IU of 25-HCC. In all three
patients 25-HCC was very effective on serum phos-
phorous concentration. The increase of serum phos-
phorous is highly significant the 3rd (P <0.01) and
the 8th (P<0.001) day after 25-HCC. Serum phos-
phorus concentration expressed as mean ± one standard
deviation increased from 40.67 ±11.69 mg/liter during
the control period to 43.66 ±10.02 mg/liter one day
after 25-HCC, to 51 ±11.27 mg/liter the 3rd day and
60±+12.10 the 8th day after 25-HCC. Mean serum ci-
trate was 22.86 ±3.55 mg/liter during the control period
and increased to 30.83 ±1.53 mg/liter (P < 0.05) 8
days after the single oral dose of 25-HCC. No signifi-
cant effect of 25-HCC on serum magnesium concentra-
tion, creatinine clearance, TRP, calciuria, diuresis, mag-
nesiuria, or citraturia was observed.

Hereditary hypophosphatemic D-resistant rickets (n
= 10), "pseudo-deficiency" rickets (n = 3), secondary
resistant rickets (n = 5). A single dose of 16,000 IU
of 25-HCC had no effect on serum calcium, phosphor-
ous, or alkaline phosphatase in the different types of
resistant rickets studied. Fig. 2 illustrates the results
observed in cases of VDRR. None of the other bio-
logical parameters studied showed any significant
change after 25-HCC.

In three cases of VDRR, short-term balance studies
were performed during three periods, each period being
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0.266 mg=~l16000 U 25-OH-D3
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FIGURE 1 Deficiency rickets. Effects of a single dose of 25-HCC. Each line
represents the results with one patient.
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FIGURE 2 Hereditary vitamin D-resistant rickets (VDRR). (n = 10).
Effects of a single dose of 25-hydroxycholecalciferol (25-OH-D3): 0.266
mg or 16,000 IU. Mean +SD values (vertical bars) are shown.

of 5 days, one control period before 25-HCC and two
consecutive periods immediately after the administra-
tion of 25-HCC. No significant change in calcium or

phosphorous balances was observed.

Admini'stration of 0.044 mg or 2,600 IU/day
per 2 months of 25-HCC (Protocol B)
4 children with deficiency rickets and 10 patients

with VDRR were studied with the protocol B.
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Deficiency rickets. Due to a severe hypocalcemia at
admission at the hospital, i.e. 59 mg/liter, protocol B
was started with one patient after 18 hr of a calcium
infusion. The infusion was continued 8 days with de-
creasing doses of calcium, then stopped and replaced
by oral supplementation of calcium. The clinical course
and radiologic changes in these four cases were as
follows: an improvement of clinical symptoms appeared
shortly after the beginning of 25-HCC therapy, hypo-
tonia disappeared in 2 wk, and a gain of appetite was
noted in the same period. One patient had a severe
respiratory syndrome with polypnea and dyspnea. These
symptoms diminished in intensity then disappeared 1
month after the beginning of treatment. All four chil-
dren had significant growth retardation before treat-
ment. Catch-up growth was observed in these patients
during 25-HCC treatment and after 25-HCC treat-
ment was stopped (Fig. 3). Laboratory studies showed
persistently normal values for serum calcium, serum
phosphorous, and alkaline phosphatase concentrations
after 25-HCC treatment, From 5 to 9 months after the
end of 25-HCC administration, no clinical, biological,
or radiologic relapse was observed in two cases (Fig.
4). However, two children had slight biological relapses
with a decrease in serum phosphorous concentration
and an increase in serum alkaline phosphatase 5 months
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after 25-HCC was stopped. Treatment with very small
doses of 25-HCC, i.e. 400 IU per day, was sufficient
to promote normalization of all parameters in 8 days
in both children (Fig. 5).
The effects of 25-HCC on bone as revealed by X-ray

examination in deficiency rickets were evident after the
3rd wk of therapy. Healing of metaphyseal lesions was
complete at the end of 8 wk of 25-HCC ingestion.
VDRR. In contrast to the striking clinical, biological,

and radiologic healing promoted by 25-HCC in defi-
ciency rickets no improvement in VDRR patients, es-
pecially of the abnormally low serum phosphorous con-
centration (Fig. 6), was noted after treatment with
25-HCC at the dose of 2,600 IU/day for 2 months.

In one child, the bone was labeled with tetracycline
before and after 25-HCC treatment, and the bone bi-
opsy was studied (Dr. Giulia Witmer) in serial sections.
In the tissue during 25-HCC therapy, there were large
osteoid steams and perilacunar lesions characteristic of
the disease (Fig. 7).

Long-term study with increasing doses of
25-HCC (Protocol C)
This protocol with daily doses of 25-HCC varying

from 6,000 to 30,000 IU was used in 13 cases of VDRR
and 4 patients with "pseudo-deficiency" rickets.

cm
11o

100

90

8B

70

60

50

.v~
< +2a

"-la
.7 -2a

-/~~~3

/I I ,

6 12 is 24 30 36 42 48 mon ths
1 2 3 4 yr

FIGuRE 3 Growth curves in four cases of deficiency rickets. Straight lines: on 25-HCC
therapy; dotted lines: after 25-HCC treatment was stopped.
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SHORT-TERM STUDY LONG-TERM STUDY

-~~~~~~it v/:J{ {-1zZz////{///////////
10

10

io_
asei

!0

10

0. .h

-4-3-2-1 1 23 456 7 8 l
days IV V VI VII Vil IX X xXlm I II Hi IV

1969 1970 months

FIGURE 4 Effect of prolonged administration (2 months) of 2,640 IU/day
of 25-HCC (25-OH-Ds) in one patient (L. M. ?-24-II-1966) with deficiency
rickets. Note that no relapse occurred as long as 9 months after the end of
25-HCC therapy.

VDRR. In VDRR serum phosphorus concentration
reached at least 30 mg/liter in 5 out of 13 patients
(Table I). Sensitivity to 25-HCC was variable, how-
ever. In four cases (observations I, II, III, and IV)
6,000 IU/day were sufficient, while in another case

(observation V), 12,000 IU/day was required. In the
remaining eight cases 18,000 to 30,000 IU/day failed

to produce a response. No hypercalcemia was observed
during this investigation. The only side effect noted was

a significant increase of urinary calcium excretion in

four patients. Urinary calcium excretion reached 8 to 10

mg/kg per 24 hr.2
Hypercalcuria was easily controlled by the use of oral

phosphate supplementation (0.75 g/day of phosphorous in

children under 10 yr of age and 1 g/day in those older).

'Normal values in our laboratory; mean 3.2 mg/per 24

hr. Lower limit 0.3 mg/kg per 24 hr, upper limit 8 mg/kg
per 24 hr for the 95% probability.

"Pseudo-deficiency rickets" (n = 4). In all four
cases it was possible to obtain normalization of serum

calcium and serum phosphorous concentrations (Fig. 8)
with increasing doses of 25-HCC. The two younger

children with very severe skeletal lesions required
higher doses, i.e. 12,000-24,000 IU/day (Fig. 8).
Healing of these lesions was obtained after 8 months of
treatment.

Catch-up growth was observed in the two children
presenting very significant growth retardation at the
start of 25-HCC therapy. On the 8th month of treat-
ment, they had gained respectively 11 and 10.5 cm in
height and 3 and 3.1 kg in weight.
By comparing the biological effects of various doses

of 25-HCC, and the effects of the previous vitamin D

treatment, in VDRR and "pseudo-deficiency" rickets we
have the impression that 25-HCC is 5 to 8 times more

active than vitamin Da on a weight basis.
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FIGURE 5 Effects of prolonged administration (2 months) of 2,640 IU/day of 25-HCC
(25-OH-D3) in one patient with deficiency rickets. A relapse occurred 5 months after the
end of 25-HCC therapy as can be seen on the curve of serum phosphorous concentration (P.).
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FIGURE 6 Prolonged administration of 25-hydroxycholecal-
ciferol (25-OH-Ds) in 10 cases of hereditary hypophos-
phatemic vitamin D-resistant rickets (VDRR). Mean ±
one SD (vertical bar) values are shown.

DISCUSSION

The definition of resistance to vitamin D is based on
two criteria, first, unresponsiveness to small doses of
vitamin D active in deficiency rickets, and second,
relapse of rickets when treatment with high doses is
stopped. At present, there is no evidence that 25-HCC
can be stored in the body. Therefore, the recurrence of

TABLE I

Effects of Increasing Doses of 25-HCC on the Serum Phophorus
(mg/liter) in 13 Cases of VDRR

(Numbers I to XIII).

25-HCC, IU/day

Subjects 6,000 12,000 18,000 24,000 30,000

mg/liter
I-IV 30-33.5
V 18 32.5

VI-VIII 26 28.5 28
VIII 21.5 21 26 20
IX 25 25 27.5 26
X 23 22 18 22
XI 21.5 21.5 24 22
XII 21 23 21 22 26
XIII 28 27 23 25 26
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FIGURE 7 Microradiograph (on the left) and fluorescent image with UV light (on the
right) of the same section of compact bone from the peroneus of patient B. C. (VDRR).
Two tetracycline labelings show the borders of the tissue mineralized during 25-HCC therapy.
This tissue shows lack of mineral around lacunae, canaliculi, and osteoid borders. X 600.

rickets when 25-HCC treatment is stopped cannot be a
criterion for 25-HCC resistance until more information
is available concerning the exact length of action of a
given dose of 25-HCC. Thus resistance to 25-HCC has
to be defined as an absence of response to doses that
are known to be active in deficiency rickets.

Our data show that 25-HCC is highly active in human
deficiency rickets. A single dose of 16,000 IU is fol-
lowed in 8 days by normalization of serum phosphorous
concentration. This biological response is quite similar
to the response observed after administration of vitamin
D. With 25-HCC, normalization of serum phosphorous

6000 12000 24000 IU/24hr

, Age 4 to 18 months
..Age 3 to 6 yr

FIGURE 8 Effects of increasing doses of 25-hydroxycholecalciferol (25-OH-D3) in four
patients with "pseudo-deficiency" rickets.
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concentration is paralleled by an increase of serum
calcium concentration, especially in the hypocalcemic
type of deficiency rickets. This last observation is of
special importance since it is known that the one danger
of vitamin D treatment in cases of severe hypocalcemic
deficiency rickets is the possibility of a sudden decrease
in serum calcium concentration and the occurrence of
tetany (32). This danger apparently does not exist with
25-HCC therapy. The observation of a rapid increase
of serum calcium concentration that we made in one case,
(basic serum calcium concentration 74 and 81 mg/liter)
has been confirmed in a group of hypocalcemic rickets
treated with 25-HCC.3 These results suggest a direct
effect of 25-HCC on bone mobilization which supports
the observation of Trummel, Raisz, Blunt, and DeLuca
(12) with bone cultures.
The prolonged action of a single dose of 25-HCC

remains to be explained. Recent studies by Smith and
Goodman (33) have shown that a polar metabolite of
vitamin D with the properties of 25-HCC has a half-
life of 19.6 ±0.6 days in man. A follow-up study in
three cases of 25-HCC intoxication in patients with
severe renal osteodystrophy that we have observed' has
shown an effect of 25-HCC lasting from 1 to 3 wk
after the withdrawal of 25-HCC therapy. Thus the
prolonged effects after the administration of a single
dose of 25-HCC may be attributable to the persistance of
25-HCC and/or of some of the active dihydroxy metabo-
lites in plasma and tissues.

In all cases of deficiency rickets studied, even in the
most severe forms, the administration of 2,640 IU/day
of 25-HCC for 2 months promoted a rapid remineraliza-
tion of the skeleton, a disappearance of symptoms,
an amelioration of laboratory values, and "catch-up"
growth. Furthermore a total dose of 3 mg or 180,000 IU
of 25-HCC was sufficient to protect these patients from
any relapse for a period lasting 5 months. Yet a slight
biological relapse occurred in two cases out of four, and
was controlled with very small doses of 25-HCC, 400
IU/day. The reason why these two children had a re-
lapse even though they were living in the same environ-
mental conditions with the same type of diet remains to
be explained. This suggests that the sensitivity of
children to 25-HCC is quite variable in a population, a
fact which has also been noted with vitamin D (34)
and not yet explained satisfactorily. In any case, the
observations in deficiency rickets of a persistent effect
for 8 days after a single oral doses of 25-HCC and of an
absence of relapse 5 months after the end of a treat-
ment with a total dose of 3 mg or 180,000 IU of 25-
HCC seems to indicate that prevention or treatment of

'Frederich, A. Personal communication.
'Unpublished data.

deficiency rickets does not necessarily require the con-
tinuous administration of 25-HCC.
The comparison of the effects of 25-HCC in deficiency

rickets with its effect in various types of resistant
rickets showed striking differences. First, a single oral
dose of 25-HCC had no effect on any of the parameters
studied in any group of the D-resistant rickets investi-
gated; hereditary hypophosphatemic D-resistant rickets,
"pseudo-deficiency" rickets, or resistant rickets sec-
ondary to cystinosis or tyrosinosis. Secondly, prolonged
administration of 2,640 IU/day was insufficient to correct
the abnormally low levels of serum phosphorous in the
children with hereditary hypophosphatemic D-resistant
rickets. A similar observation was made by Earp et al.
(25).
In the group of patients with VDRR it has been pos-

sible to increase significantly serum phosphorous con-
centration in 5 children out of 13 by using increasing
doses of 25-HCC from 6,000 IU up to 30,000 IU/day.
No correlation was found between these differences in
sensitivity toward 25-HCC and such factors as age,
whether the disease is familial or sporadic, or the previ-
ous vitamin D3 therapy. In regard to the last point, it
should be noted that 12 of the 13 children who were
studied received no vitamin D for 5 months before
25-HCC treatment under protocol C (increasing doses).
The 13 children with VDRR on increasing doses of

25-HCC were seen regularly in our clinic for periods
of 6 months up to 2 yr. In all cases in which the serum
phosphorous concentration persisted for months at con-
centrations equal to, or greater than, 30 mg/liter, we
observed a concomitant improvement of X-ray lesions;
yet in none of these did an acceleration of growth occur.
In contrast, all four children with "pseudo-deficiency"
rickets had a complete normalization of their labora-
tory values, a healing of skeletal lesions, and a catch-up
growth pattern. These differences of responses to
25-HCC therapy found between VDRR and "pseudo-
deficiency" rickets are similar to the differences of re-
sponses to vitamin D therapy already observed between
the two types of resistant rickets.
From the analysis of our data and the definition of re-

sistance to 25-HCC given above, we may conclude that
the patients studied with these different types of D-re-
sistant rickets are all resistant to 25-HCC. Therefore,
a defect in the conversion of vitamin D to its 25-hy-
droxy metabolite is not the metabolic defect in these
patients. Our study does not however indicate what the
defect might be in these different diseases. Recent stud-
ies (35-41) have shown that active metabolites of
vitamin D other than 25-HCC exist. Three of these
recently described metabolites have been isolated and
identified: 21,25-dihydroxycholecalciferol (35), 25,26-
dihydroxycholecalciferol (36), and 1,25-dihydroxycho-
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lecalciferol (40,41 ). The experimental studies suggest
that the dihydroxy metabolites are organ specific and
that 25-HCC is the likely precursor for these dihydroxy
metabolites. It is possible to speculate that a defect in
the conversion of vitamin D to one of the organ-specific
dihydroxy metabolites might be the metabolic defect in
one or in several of the different types of vitamin
D-resistant rickets. Another hypothesis, as suggested by
DeLuca et al. (22), is the nonresponse of the target
organ(s) to the active metabolite(s).
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